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(54) [Title of the Invention] 

ORGANIC ELECTROLUMINESCENT ELEMENT 

(57) [ABSTRACT] 

[Object] 

It is an object to provide an organic electroluminescent element in which a 
luminous efficiency is high and luminance deterioration is little during the driving life, 
[Solving Means] 

The present invention is an organic electroluminescent element in which a 
buffer layer provided in contact with a cathode includes an inorganic compound and a 
metal Alternatively, the present invention is an organic electroluminescent element in 
which a buffer layer provided in contact with an anode includes a metal or an oxidizing 
inorganic compound. With this structure, an organic electroluminescent element in 
which the luminous efficiency is high and the luminance deterioration is little during the 
driving life is provided. 

Scope of Claims 
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[Claim 1] 

An organic electroluminescent element comprising an organic layer between a pair of 
electrodes, 

wherein a buffer layer which is provided in contact with a cathode of the pair 
of electrodes includes an inorganic compound and a metaL 
[Claim 2] 

The organic electroluminescent element according to Claim 1, 

wherein the metal has are reducibility, 
[Claim 3] 

The organic electroluminescent element according to Claim 1, 
wherein a work function of the metal is 4,0 eV or less, 
[Claim 4] 

The organic electroluminescent element according to any one of Claims 1 to 3, 

wherein the cathode is composed of a metal having a work function of 4,0 eV 
or more, or an inorganic compound. 
[Claim 5] 

An organic electroluminescent element comprising an organic layer between a pair of 
electrodes, 

wherein a buffer layer which is provided in contact with an anode of the pair of 
electrodes includes a metaL 
[Claim 6] 

The organic electroluminescent element according to Claim 5, 

wherein a work function of the metal is 4.0 eV or more, 
[Claim 7] 
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An organic electroluminescent element comprising an organic layer between a pair of 
electrodes, 

wherein a buffer layer which is provided in contact with an anode of the pair of 
electrodes includes an oxidizing inorganic compound. 
[Claim 8] 

The organic electroluminescent element any one of Claims 1 to 7, 

wherein whichever of the pair of electrodes has transmittance of light in a 
visible region of 20 % or more. 

[Detailed Description of the Invention] 
[0001] 

[Technical field of the Invention] 

The present invention relates to an organic electroluminescent element which is 
a light-emitting element used extensively as various types of display devices and in 
particular, it is superior in low driving voltage, high luminance, and stability. 
[0002] 
[Prior Art] 

Since an electroluminescent element is capable of brighter and crisper display 
than a liquid crystal element by self emission, it has been conventionally studied by 
many researchers. 
[0003] 

Now, as an electroluminescent element which is developed to a practical level 
and commercialized, there is an element using an inorganic material ZnS. 
[0004] 
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However, since such an inorganic electroluminescent element needs about 200 
V as driving voltage for light emission, it is not used widely. 
[0005] 

In contrast with this, an organic electroluminescent element which is an 
electroluminescent element using of an organic material has been conventionally far 
from a practical level; however, the property has been improved exponentially by a 
structure element which is stacked and was developed by C W, Tang et aL of Eastman 
Kodak Company in 1987 (AppL Phys. Lett, volume 51, p. 913, 1987). 

They succeeded in obtaining light emission by stacking a fluorescent substance 
which has a stable structure of a vapor deposited film and can transport an electron and 
an organic substance which can transport a hole and by injecting both carriers into the 
fluorescent substance. 
[0006] 

Thus, the luminous efficiency of an organic electroluminescent element 
improves, and light emission of 1000 cd/m2 or more with a voltage of 10 V or less has 
been obtained. 
[0007] 

A basic luminescence property of such an organic electroluminescent element 
is excellent, and one of the biggest problems which interrupt the practical application 
now is lack of stability. Specifically, the lack of stability is ,for example, going down 
of light emission luminance, formation of a non-light-emitting region which is referred 
to as a dark spot, or destruction by short circuit of an element. 
[0008] 

A problem of an interface between an electrode and an organic layer is 
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considered as one of causes of such a characteristic deterioration, and improving an 
organic layer connected to a cathode is examined for solving the problem. Specifically, 
providing an interface layer which is composed of an aromatic amine compound 
between an organic luminescent layer and a cathode (Japanese Published Unexamined 
Patent Publication No, Hei 6-267658) and providing an electron injecting layer 
including an alkali metal compound (Japanese Published Unexamined Patent 
Publication No. Hei 9-17574) and the like are disclosed; however, these are not 
sufficient. 
[0009] 

[Problem to be Solved by the Invention] 

It is an object of the present invention to provide an organic electroluminescent 
element in which the luminous efficiency is high and the luminance deterioration is 
little during the driving life, 
[0010] 

[Means for Solving the Problem] 

The present invention is an organic electroluminescent element in which a 
buffer layer provided in contact with a cathode includes an inorganic compound and a 
metal. Alternatively, it is an organic electroluminescent element in which a buffer 
layer provided in contact with an anode includes a metal or an oxidizing inorganic 
compound. With such a structure like this, an organic electroluminescent element in 
which luminous efficiency is high and the luminance deterioration is little during the 
driving life is provided. 
[0011] 

[Embodiment Mode of the Invention] 
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The present invention described in Claim 1 is an organic electroluminescent 
element having an organic layer between a pair of electrodes, and a buffer layer which 
is provided in contact with a cathode of the pair of electrodes includes an inorganic 
compound and a metal Electron injection from the cathode is improved and the 
luminous efficiency is considerably increased by providing such a buffer layer* 

Because of this, reducing deterioration of luminance at a time of driving is 
possible. As an inorganic compound used here, for example, an oxide such as silicon 
oxide, germanium oxide, tin oxide, or zinc oxide, or a fluoride such as magnesium 
fluoride or calcium fluoride can be given. 
[0013] 

In addition, the metal may have reducibility as described in Claim 2. 
Specifically, a greatly electropositive metal such as alkali metal, alkaline-earth metal, 
aluminum, or zinc can be given. 
[0014] 

In addition, a metal having a work function of 4.0 eV or less may be used as 
described in Claim 3. Specifically, there are alkali metal, alkaline-earth metal, 
rare-earth metal, scandium, yttrium, and the like. In particular, alkali metal such as Li, 
Mg, Ca, Sr, and alkaline-earth metal are preferred. 
[0015] 

In addition, the invention described in Claim 4 is an organic electroluminescent 
element in which a cathode is composed of a metal having a work function of 4.0 eV or 
more and an inorganic compound. Generally, when a metal having a work function of 
4*0 eV or more is used, the luminous efficiency is low and the driving life is very short. 
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However, in an element of the above structure, even when a stable metal having a work 
function of 4.0 eV or more or an inorganic compound is used for the cathode, an 
element having high luminous efficiency and a long driving life can be provided* 
[0016] 

Specifically, aluminum, silver, copper, gold, tin, indium, manganese, nickel, 
platinum, indium oxide, tin oxide, or the like can be given, 
[0017] 

Next, the invention described in Claim 5 is an organic electroluminescent 
element having an organic layer between a pair of electrodes, and a buffer layer which 
is provided in contact with an anode of the pair of electrodes includes a metal. If such 
a buffer layer is provided, an element in which a hole injection from the anode is caused 
easily, and the luminous efficiency and the life property are excellent can be obtained* 
[0018] 

Further, a metal which is included preferably has a work function of 4*0 eV or 
more as described in Claim 6. Specifically, aluminum, silver, copper, gold, tin, indium, 
manganese, nickel, platinum, or the like can be given. 
[0019] 

In addition, the invention described in Claim 7 is an organic electroluminescent 
element having an organic layer between a pair of electrodes, and a buffer layer which 
is provided in contact with an anode of the pair of electrodes includes an oxidizing 
inorganic compound. A permanganate, a chromate, a peroxide, an oxidizing metal salt, 
an oxidizing oxide, or the like can be given as an oxidizing inorganic compound. 
[0020] 

In addition, the invention described in Claim 8 is an organic electroluminescent 
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element in which transmittance of light in a visible-light region is 20 % or more through 
a pair of electrodes, and a transmissive light-emitting element can have high luminous 
efficiency and an excellent life property. Specifically, a metal thin film can be used in 
addition to ITO or tin oxide which is a transparent electrode as an electrode. 
[0021] 

Note that a vacuum evaporation method is suitable for a manufacturing method 
of the buffer layer, and another thin film forming method may be used* In addition, the 
buffer layer is effective even when the film thickness is very thin, and it may be 0.1 nm 
thick or more. 
[0022] 

In addition, various types of fluorescent materials such as various types of 
fluorescent metal complex compounds, fluorescent organic compounds such as an 
oxazole derivative and a styryl derivative, a fluorescent high polymer such as 
polyparaphenylenevinylene can be used as a luminescent material. 
[0023] 

In addition, a higher efficiency, higher luminance, and higher-reliability organic 
electroluminescent element can be manufactured by adding a various types of 
fluorescent materials such as a condensed polycyclic compound such as a 
quinacridone-based compound, a coumar in-based compound, rubrene, or perylene to the 
luminescent layer as a dopant, 
[0024] 

In addition, any structure of element can be used as the structure of element of 
the present invention as long as a buffer layer is provided in contact with a cathode or 
an anode; the buffer layer may be used in contact with both of the cathode and the 
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anode, or one of them. An example of the cases of using only a buffer layer provided 
in contact with the cathode is shown as follows. In addition, from an anode to a 
cathode are usually stacked in order over the substrate; alternatively, a cathode to an 
anode may be adversely stacked in order over the substrate. 
[0025] 

An anode / a light emitting layer / a buffer layer / a cathode 

An anode / a hole transporting layer / a light emitting layer / a buffer layer / a 

cathode 

An anode / a hole injection layer / a hole transporting layer / a light emitting 
layer / a buffer layer / a cathode 

An anode / a hole transporting layer / a light emitting layer / an electron 
transporting layer / a buffer layer / a cathode 

An anode / a hole injection layer / a hole transporting layer / a light emitting 
layer / an electron transporting layer / a buffer layer / a cathode 

The present invention is hereinafter explained by concrete embodiment modes. 
In the embodiment modes below, unsubstituted triphenylamine tetramer (TPT) which is 
shown in (Fomula 1) as a hole transporting material, and tris (8-quinolinol) aluminum 
(hereinafter referred to as Alq) as a luminescent material are used, and the structure of 
element in which the anode, the hole transporting layer, the luminescent layer, and the 
cathode are stacked in order is shown typically; however, the present invention is 
naturally not limited to this structure. 
[0026] 
[Formula 1] 
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[0027] 

(Embodiment Mode 1) 

The electroluminescent element of this embodiment mode is manufactured to 
have a structure in which a hole transporting layer 3, a luminescent layer 4, a cathode 
buffer layer 5, and a cathode 6 are evaporated in order over an ITO electrode which is 
formed previously over a glass substrate 1 as a transparent electrode 2 as shown in FIG 
h 

[0028] 

First, a glass substrate which is washed enough (an ITO electrode has already 
been formed), TPT, Alq, silicon monoxide, aluminum, and lithium were set in an 
evaporation device, 
{0029] 

Next, after having exhausted to 2 x 10" 6 torr, TPT set at a rate of 0*1 nm/sec is 
evaporated to form the hole transporting layer to 50 nm. Then, Alq which is the 
luminescent material set is evaporated at a rate of 0T nm/sec, to form the luminescent 
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layer to a film thickness of 25 nrn, Subsequently, silicon monoxide and lithium are 
evaporated from different evaporation sources, and the cathode buffer layer which is 
composed of silicon monoxide and lithium is stacked to 5 nm. After that, the 
evaporation of aluminum is performed at a rate of 0.5 nm/sec, and the thickness was 
150 nm. Note that the both evaporations are performed continuously without breaking 
a vacuum, and the film thickness was monitored with a crystal oscillator. 
[0030] 

Then, after manufacturing the element, taking out of the electrode is carried out 
immediately in dry nitrogen, and property measurement was done sequentially. Here, 
the luminous efficiency of the obtained element which was defined with a value of the 
case where the light emission luminance is 500 cd/m 2 . In addition, the driving life is 
defined as a period until the luminance decreases to 500 cd/ m 2 that is half the initial 
luminance in the case where the initial luminance is 1000 cd/ m 2 and the element is 
driven by a constant current* 
[0031] 

Therefore, in this embodiment mode, the luminescent property was L51 m/W, 
the driving life was 600 hours. 
[0032] 

Meanwhile, the organic electroluminescent element is manufactured similarly 
except that the cathode buffer layer was not provided for comparison and the property 
was searched. As a result, the luminous efficiency was 031 m/W, and the driving life 
was 1 hour or less. 
[0033] 

As described above, it was confirmed that the luminous efficiency and the 
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driving life of the organic electroluminescent element of this embodiment mode are 

improved substantially. 

[0034] 

(Embodiment Mode 2) 

In this embodiment mode, the organic electroluminescent element was 
manufactured as in embodiment mode 1 except for using the inorganic compound and a 
metal mixed film shown in (Chart 1) as the cathode buffer layer, and the property was 
evaluated, 
[0035] 

The result is shown in (Chart 1) below. 



[0036] 
[Chart 1] 



cathode buffer layer 


luminous efficiency (lm/w) 


driving life 
(time) 


silicon monoxide + 
magnesium 


1.4 


550 


silicon monoxide + calcium 


1.3 


540 


silicon monoxide + aluminum 


1.3 


490 


germanium monoxide + 
lithium 


1.5 


520 


zinc oxide + lithium 


1.5 


550 


magnesium fluoride + lithium 


1.5 


530 



[0037] 

According to (Chart 1), it was confirmed that the luminous efficiency and the 
driving life of the organic electroluminescent element of this embodiment mode are 
improved substantially. 
[0038] 
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(Embodiment Mode 3) 

The electroluminescent element of this embodiment mode is manufactured to 
have a structure in which an anode buffer layer 7, a hole transporting layer 3, a 
luminescent layer 4, and a cathode 6 are evaporated in order on an ITO electrode which 
is formed previously over a glass substrate 1 as a transparent electrode 2 as shown in 
FIG. 2. 
[0039] 

First, a glass substrate which is washed enough (an ITO electrode has already 
been formed), TFT, Alq, silver, aluminum, and lithium were set in an evaporation 
device, 
[0040] 

Next, after having exhausted to 2 x 10" 6 torr, TPT and silver were evaporated 
from different evaporation sources and the anode buffer layer 7 which is composed of 
TPT and silver was stacked to 5 nm. Subsequently, TPT set at a rate of 0,1 nm/sec is 
evaporated to form the hole transporting layer to 50 nm. Then, Alq which is the 
luminescent material set is evaporated at a rate of 0.1 nm/sec, and the luminescent layer 
to a film thickness of 25 nm. After that, aluminum (Al) and lithium (Li) were 
evaporated from different evaporation sources to form an AlLi cathode which has a film 
thickness of 50 nm. Note that both evaporations were performed continuously without 
breaking a vacuum, and the film thickness was monitored with a crystal oscillator. 
[0041] 

Then, after manufacturing the element, taking out of the electrode is carried out 
immediately in dry nitrogen, and property measurement was done sequentially. Here, 
the luminous efficiency of the obtained element which was defined with a value of the 
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case where the light emission luminance is 500 cd/rn 2 * In addition, the driving life is 
defined as a period until the luminance decreases to 500 cd/ m 2 that is half the initial 
luminance in the case where the initial luminance is 1000 cd/ m 2 and the element is 
driven by a constant current. 
[0042] 

Therefore, in this embodiment mode, the luminescent property was 2,01 m/W, 
the driving life was 1010 hours, 
[0043] 

Meanwhile, the organic electroluminescent element is manufactured similarly 
except that the anode buffer layer was not provided for comparison and the property 
was searched. 
[0044] 

As a result, the luminous efficiency was 1.01 xn/W, and the driving life was 500 
hours. As described above, it was confirmed that the luminous efficiency and the 
driving life of the organic electroluminescent element of this embodiment mode are 
improved substantially. 
[0045] 

(Embodiment Mode 4) 

In this embodiment mode, an organic electroluminescent element was 
manufactured as in the embodiment mode 3 except for using the chemical compound 
shown in (Chart 2) as the anode buffer layer, and the property was evaluated. 
[0046] 

The result is shown in (Chart 2) below. 

[0047] 
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[Chart 2] 



anode buffer layer 


luminous efficiency (lm/w) 


driving life 
(time) i 


l r l t aiuminum 


1 0 


1 1*10 


TPT + indium 


2.1 


1040 


silicon monoxide + silver 


1.8 


990 


magnesium fluoride + silver 


1.9 


920 


TPT + silver monoxide 


1.9 


950 


TPT + barium oxide 


1.8 


930 



[0048] 

It is confirmed in the (Chart 2) that the luminous efficiency and the driving life 
of the organic electroluminescent element of this embodiment mode are improved 
substantially. 
[0049] 

[Effect of the Invention] 

As described above, according to the present invention, advantageous effect in 
which an organic electroluminescent element in which a luminous efficiency is high and 
luminance deterioration is little during the driving life can be obtained. 
[Brief Description of Drawings] 

[FIG 1] A diagram which shows a structure of an organic electroluminescent element in 
an embodiment mode of the present invention. 

[FIG. 2] A diagram which shows a structure of an organic electroluminescent element in 
an embodiment mode of the present invention. 
[Explanations of the Reference numerals] 

1: glass substrate, 2: transparent electrode, 3: hole transporting layer, 4: light emitting 
layer, 5; cathode buffer layer, 6: cathode, 7: anode buffer layer 
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